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SUMMARY

The reaction between nitrogen dioxide and colloidal
propellant stabilisers is exothermic, and an apparatus
based on the heat of the nitrogen dioxide-propellant
reaction is used in Holland for surveillance control of
gun propellants. A similar apparatus has been constructed
and the heat of this reaction compared in propellants
stabilised with carbamite, diphenylamine, picrite, 2-NDPA,
p-NMA and resorcinol. The observed heat from the nitrogen
dioxide-aged propellant reaction, and the actual stabiliser
content of the samples, are compared as these propellants
are aged.
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1 INTRODUCTION

Small amounts of stabilising compounds are incorporated into colloidal
propellants in order to react with one or more of the initial nitric ester
decomposition products (nitrogen dioxide, nitrous acid and nitric acid), and
thus reduce the overall autocatalytic effect of these on the nitric ester
decomposition. The rate of consumption of the stabiliser in a propellant at
an elevated temperature is usually determined at intervals, by extraction of
a propellant sample, separation of the ingredients and chemical analysis.

Hence the safe life of the propellant at ambient temperatures may be predicted.

The reaction between nitrogen dioxide and the stabiliser in a propellant
is exothermic, and an apparatus based on this fact has been developed in the
Netherlands for surveillance control of the stabiliser content of carbamite.
and diphenylamine-stabilised propellants."2 In this test, excess nitrogen
dioxide-is passed over a sample of propellant, and the residual stabilising
compounds rapidly react with the gas. The heat generated in the reaction is
correlated to the effective residual stabiliser content of the propellant. The
major advantage of this method is reported"2 to be that a complete analysis
in duplicate takes only about one hour.

In this work, an apparatus, similar to that of the Dutch workers, has
been used to investigate comparatively the heat generated in the nitrogen
dioxide/propellant reaction using as substrates simple propellants stabilised
with a single stabiliser, the stabilisers being carbamite, diphenylamine,
2-nitrodiphenylamine, p-NMA, resorcinol and picrite. It was thought unlikely
that this would be a suitable stabiliser analysis method for complex rocket
propellants, but the variation in the heat effects would provide valuable
support information for other experiments on the overall heat of the exothermal
decomposition reactions of ageing propellants.

2 DESCRIPTION OF THE APPARATUS

The glass apparatus, shown diagramatically in Figure 1, consists of a
helix (capacity 250 ml) connected at one end via a three-way valve to a
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reaction vessel, and at the other end to dry nitrogen and nitrogen dioxide
supplies. The helix and reaction vessel are thermostatted at 30°C in a water
bath. Gas entering the reaction vessel, which is partially heat insulated,
passes up through a glass sintered disc and then through the ground propellant
sample. Any temperature changes occurring in the propellant are monitored by
five thermocouples, sheathed in stainless steel, which project into the
propellant sample. The "cold" junctions of the thermocouples are in a secona
empty reaction vessel in the thermostatic water bath, and the thermocouple
outputs are connected to a variable range recorder and a circuit capable of

supplying backing-off emfs.
3 EXPERIMENTAL PROCEDURE

After optimising conditions it was found necessary to rigidly adhere to
the same procedure with no short-cutting of flushing times, etc,but if this
was done reproducibility was quite good. The optimised procedure was as follows
(see also Figure 1):

i The apparatus was flushed with nitrogen.

ii A sample (1 g) of the finely ground propellant was transferred into
the reaction vessel and the 1lid containing the thermocouple system
was replaced.

iii The reaction vessel was flushed with nitrogen (100 ml/min) for
2 minutes, tap C was turned to vent the nitrogen to atmosphere and
then tap A was turned.

iv Tap B was turned to fill the helix as far as tap C with nitrogen
dioxide. Taps B and C were then closed to retain the nitrogen dioxide
in the helix, and the nitrogen dioxide was allowed to equilibrate to
the temperature of the water bath for 10 minutes.

v Taps A and C were then turned and the 'plug' of nitrogen dioxide was
pushed through the reaction vessel by the nitrogen flow (100 ml/min).
The temperature changes in the reaction vessel due to both reaction of
nitrogen dioxide with stabiliser and also adsorption heat effects were

recorded.

UNCLASSIFIED



UNCLASSIFIED

vi When the temperature in the vessel returned to normal the nitrogen
flow was increased to 200 ml/min for 7 minutes to flush nitrogen
dioxide from the system, and to desorb it from the propellant.

vii At the end of this time the procedure was repeated from iii to vi.
The heat effects observed during this second run are due to
adsorption of nitrogen dioxide on the propellant.

viii To check that complete reaction between stabiliser and nitrogen
dioxide occurred during the first cycle with any particular propel-
lant, items iii to vi may be repeated for a third time when the heat
effect observed should be identical to that of the second cycle.

- RESULTS AND DISCUSSION

k.1 General Features of the Method, Reproducibility

A typical trace of temperature recorded versus time is shown in Figure 2
for the reaction between nitrogen dioxide and unaged SC cordite (contains 9%
carbamite). The higher graph is due to heat of the reaction of nitrogen
dioxide with carbamite plus heat of adsorption of nitrogen dioxide on the
propellant. The lower graph is the second cycle and is due to heat of
adsorption effects only. (As it has been shown that at 30°C nitrogen dioxide
reacts 20 000 times faster with carbamite than with nitrocellulose,' reaction
between the nitric esters and nitrogen dioxide in the few minutes we are
concerned with is therefore neglected.) The difference between the maxima
(Figure 2), AT was recorded. Where the AT value was small compared to the
maximum temperature recorded, a backing-off voltage was applied to counter-
balance the temperature of adsorption effect, so that the AT value could be
expanded onto the most sensitive range of the recorder.

Replicate results shown in Table 1 indicate the reproducibility of the
method. Each propellant sample was usually run in triplicate or quadrupli-
cate and a mean value of AT was taken. No attempt was made to calibrate the
apparatus and so any linear comparison between different propellants, should
not be made. It should be noted that not only the nominal stabiliser itself
will react exothermally with nitrogen dioxide in the reaction vessel. Usually
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the degradation products of the stabiliser which have been formed in a propel-
lant during ageing will also react, and so the variation in AT of samples as
a propellant is aged, may not be directly related to the percentage of nominal
stabiliser in the samples. The variation will depend on the heats of the
reactions of the individual stabiliser degradation products with nitrogen
dioxide and their rate of formation. Effective stabiliser is therefore
monitored by this method, a summation of the residual initial stabiliser plus
those degradation products still capable of rapid reaction with nitrogen
dioxide.

k.2 Products of the Stabiliser/Nitrogen Dioxide Reaction

The mechanisms of these reactions have been reviewed in detail elsewhere.3
All the stabilisers considered here react extremely rapidly with excess
nitrogen dioxide at ambient temperatures. Carbamite reacts to give 4,L4'-,
2,4'-, and 2,2'~dinitrocarbamite (4,4' = 2,4' > 2,2') as the major products
and also nitric oxide and nitric a.c:i.d.""'1° The overall heat of the reaction

has been measured to be 60 kcal/hol.‘z’.

o
Cz\,‘j\.,,éz“s o HsCz\N,!\ ~/C2"‘5
| || —2 # NO + HNO,
exCees
ON NO,
corbamite dinitrocarbomite

Diphenylamine forms dinitrodiphenylamines as the major products, probably
via a mono-nitrodiphenylamine intermediate.®’'®'? The most abundant isomer

*1 kcal/mol = 4.184 kJ/mol
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formed is 4,4'=dinitrodiphonylamine. Similarly «=nitrodiphenylamine gives a

dinitrodiphenylamine product.7""°"‘
¥O -
"
TO2O-TR-TQ
O  O,N NO,
dip“¢n9|atm'ne | 2-NDPA  dinitrodiphanylaming

p-NMA reacts to give N-nitroso p-NMA very rapidly, and then at a slower rate
forms mainly the C-nitro derivative, N-methyl 2,4-dinitroaniline.”"3

S Q <Ef -

A further stage in the reaction, a trinitro derivative, can slowly be

NO,
p- NMA

formed but usually only under extreme conditions at an elevated temperature.

The products from the resorcinol/nitrogen dioxide reaction are complex,
postulated as due to the reaction of resorcinol reaction products with

resorcinol itself.'*

Not only are nitroresorcinol and dinitroresorcinol
formed, but also dimeric products resorufin and resazurin and a percentage

of unidentified polymeric material.
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resorcinol \
@: reeorufin
o]

o

resazurin
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4,3 Unaged Propellants - Temperature Effect of the Propellant/
Nitrogen Dioxide Reaction

The compositions of the propellants examined are given in Table 2, and the
temperature effects of the reaction of these propellants with nitrogen dioxide

are shown in Table 3.

A simple double-base propellant stabilised with 9% carbamite (SC) gave a
temperature effect AT = 10.38°C in the apparatus, a similar propellant
stabilised with 3.5% carbamite (HSC) gave AT = 4.56°C, not a direct relation-
ship because of heat losses from the apparatus. The heat of the adsorption of

10
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nitrogen dioxide onto the two propellants wasfound however to be almost
identical. If these AT values (10.38°C at 9% carbamite, 4.5600 at 3.5%
carbamite) are used for an approximate calibration, the replicate results on
samples of SC cordite (Table 1) may be interpreted in terms of stabiliser
content as 9.1, 9.1, 9.3, 8.9, 8.3 and 9.3% carbamite content.

When a propellant containing nitroguanidine (picrite) was used in the
apparatus, the temperature recorded rose very rapidly and the propellant
inflamed. This is due to the nitrogen dioxide also reacting exothermally with
the high percentage of picrite in the propellant (N) and thus causing the
temperature of the propellant to rise beyond its ignition temperature. This
has since also been reported by Dutch workers.'® Although ignition of the
propellant might be prevented by dilution with some inert material, this was
not thought worthwhile as the experiment would be looking for changes due to
small variations in stabiliser (initially 7%) in the presence of a large
percentage of reacting material (55% picrite).

Measurements on the other propellants, containing stabiliser contents
in the range 0.5 to 2% were more difficult, ac the temperature effect T due
to the stabiliser/nitrogen dioxide reaction is now a small value in comparison
with the large nitrogen dioxide/propellant adsorption temperature effect of
about 10°C which is simultaneously recorded. Using F527/327 propellant as an
example however, by electrically backing-off the adsorption thermocouple
output and expanding AT onto the most sensitive recorder range, replicates
gave values of AT in the range 1.14 to 1.24°C, with a mean of 1.21°C.

k.4  Aged Propellants - Effect of Degree of Ageing on the Temperature
. Effect of the Propellant/Nitrogen Dioxide Reaction

All the propellants shown in Table 2, with the exception of N and HSC,
were ground and then aged in a dry air atmosphere at 80°C. Samples were
removed at appropriate time intervals for conventional stabiliser analysis
and also for measurement of the nitrogen dioxide/propellant temperature effect
AT. The conventional stabiliser analysis results on these propellants are
shown in Table 4. Figures 3 - 7 show the variation in AT with time of ageing
for each propellant. It is acknowledged that some variation in the identity

11
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of the stabiliser degradation products produced occurs by ageing at 80°¢c
rather than at temperatures closer to ambient.

The decrease in the temperature effect AT was relatively linear with time
of ageing for the carbamite stabilised propellant (SC) in the range 9 to 5%
actual stabiliser content, and also linear with respect to the actual stabiliser
content (Figure 3). As the carbamite is consumed in the ageing propellant at
80°C, the main identified derivatives formed are 4wnitrocarbamite and N-ethyl
N-nitrosoaniline.? The decrease in AT is due to the difference in the heat
of reaction of these products with nitrogen dioxide relative to the heat of
the carbamite/nitrogen dioxide reaction. : '

When the diphenylamine stabilised propellant (FNH) is aged at 80°C the
temperature effect AT of samples is observed to decrease very rapidly with time
of ageing initially (O to ca 9 days), and then a change of slope occurs in the
graph and AT decreases much slower and relatively linearly from 9 to 28 days
(Figure 4). The observed change of slope at 9 days probably coincides with
complete conversion of diphenylamine to its primary degradation product
N-nitrosodiphenylamine in the aged propellant, and the latter part of the graph,
corresponds to the consumption of this product, also an efficient stabiliser.
The change of slope may be explained both by the fact that diphenylamine will
be consumed at a more rapid rate in the propellant than N-nitrosodiphenylamine
due to direct nitric ester-diphenylamine reactions, and also because the heat
of the nitrogen dioxide/diphenylamine reaction (20 kcal/mol) is much greater
than that of the nitrogen dioxide/N-nitrosodiphenylamine reaction (7 kcal/mol).2
It is difficult to differentiate diphenylamine and N~nitrosodiphenylamine in a
mixture of both in a propellant, so the analytical results superimposed on
Figure 4 are, as is usual, the summation of both compounds.

2-Nitrodiphenylamine stabiliser in F527/327 propellant will degrade on
ageing to dinitrodiphenylamine, and not to any further nitrated derivatives
until the concentration of 2-nitrodiphenylamine is very low. 2-Nitrodiphenyl-
amine reacts rapidly with nitrogen dioxide in this experiment, dinitrodiphenyl-
amine does not. As also AT is a small value in this case compared to the

overall temperature maxima and thus less susceptible to errors due to heat loss

12
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from the apparatus, the decrease in AT on ageing (Figure 5) would be expected
to be linearly related to the actual 2-nitrodiphenylamine content of the
propellant and this was observed to be so.

The decrease in AT of the propellant/nitrogen dioxide reaction of the
p-NMA (F488/2268) and resorcinol (FU88/2269) stabilised propellants are
shown in Figures 6 and 7 respectively, and are on a curve versus ageing time
similar to that obtained for the 2-nitrodiphenylamine stabilised piopellant.
Although to be less expected than in the case of 2-nitrodiphenylamine they
also show an approximate linear relationship between the AT and the actual
nominal stabiliser content of the samples.

4.5 The Stabiliser/Nitrogen Dioxide Reaction as a Method
of Stabiliser Analysis

The method was designed by Dutch workers? for surveillance control of gun
propellants, and it appears in this work that simple carbamite- and diphenyl-
amine-containing gun propellants may readily be examined by this means. A
complete analysis time of about 13 hours was found to give reproducible results.
As is to be expected accuracy is not as good as by other analytical methods
in use. Although differences between, for example, initial stabiliser content
and half initial stabiliser content could be readily measured, as required for
surveillance control, accuracy would not normally be good enough for some other
uses, for example for stabiliser consumption trials where losses of stabiliser
are more moderate and akin to Service Storage conditions. The inability to
apply the method to propellants containing picrite appears however a signifi-
cant disadvantage.

Rocket propellants normally contain smaller percentages of stabiliser
than gun propellants, and so the temperature effect of the stabiliser/nitrogen
dioxide reaction is small and less accurately measured because it is in
addition to a large propellant/nitrogen dioxide adsorption effect. Also the
percentage decrease in the temperature effect AT is small in the propellants
stabilised with 2~NDPA, p-NMA or resorcinol even when the stabiliser content
has dropped to a small fraction of its nominal initial value. Of more
importance is the fact that rocket propellants are more complex and usually
contain ballistic modifiers as additives, many of which may be expected to

13
UNCLASSIFIED



UNCLASSIFIED

react exothermally with nitrogen dioxide and contribute to the heat effect. The
additive may also be consumed partially during the ageing of the propellant.
Thus the variation in the temperature effect due to stabiliser consumption may
be lost in the background of other reactions. If, as is common, the propellant
contains two stabilisers, a separate chemical analysis for one of the stabili-
sers would have to be performed, in addition to determining the temperature
effect due to both stabilisers in this apparatus. In contrast therefore to
non=-picrite containing gun propellants, the possibility of useful application

of this method to stabiliser analysis of rocket propellants appears minimal.
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TABLE 1

Replicate Results for the Nitrogen Dioxide-Unaged SC Cordite Reaction

Temperature Effects, °C
Run No
Trax (Reaction + Adsorption) Tmax (Adsorption) AT

1 20.30 9.80 10.50

2 20.23 9.73 10.50

3 20.00 9.23 10.77

L 19.61 9.30 10.31

5 18.53 8.84 9.69

6 21.07 10.38 10.69

Mean = 10.38°C
Standard Deviation % 0.15°C
TABLE 2
Nominal Propellant Compositions
Propellant| NC | NG |Picrite |Carbamite|DPA |2-NDPA |p-NMA |Resorcinol | Other
sC 49.5[41.5 9.0
HSC ‘*905 l"?oo 3'5
FNH 84.0 1.0 DNT 10.0)
DBP 5.0)
N 19.0[18.7| 55.0 73
F527/327 37.3|56.1 0.5 DBP 6
F488/2268 |45.0|45.0 2.0 TA 8
F488/2269 |45.5|45.5 1.0 TA 8
16
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TABLE >

Mean Temperature Effects of the

Unaged Propellant - Nitrogen Dioxide Reaction

Propellant Stabiliser Temperature Effect AT (C)
SC Carbamite 9% 10.38

HSC - 3.5% 4.56

N Carbamite + Picrite Inflamed

FNH Diphenylamine 0.9% 0.95"

F527/327 2-NDPA 0.5% 1.20

F488/2268 | p-NMA 1.7% 2.03

FL488/2269 Resorcinol 0.5% 1.65

a = used different particle size to other samples

17
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TABLE 4

Stabiliser Analyses of Propellants on Storage at 80°C

Propellant Time (days) % Stabiliser
SC 0 9.01
" 8 8.14
" 16 7.1
" 2k 6.59
" 43 L,79
u 78 0.07
FNH 0 0.90*
" 3 0.76*
o 10 0.51*
" 21 0.24*
F527/327 0 0.50
" L 0.28
" 6 0.20
" 8 0.16
L 16 0.02
Fh88/2268 0 1.79
L 2 1.22
" L 0.69
" 16 0.06
FL88/2269 0 0.50
" 3 0.35
n 9 0.21
" 16 0.12

* Figures are Diphenylamine plus N-nitroso-
diphenylamine

18
UNCLASSIFIED



TR j44

Fig.d
Atmosphere Atmosphere
' Goe outiet
(7 AJ\ B c e e - som
Dr9 N2 Fl\ojw 3\-dag 7 1 -
gaqge fapg - .._..._.._;-_.

/ Reaction vessa)
Glass coil e

/TMt'mosfaﬁc water bath
SCHEMATIC FLOW DIAGRAM OF APPARATLS

+ imsulation
Heat msulatio 5 Thermocouples

Glogs vesscel

Propaliont

Gos inlet
REACTION VESSEL

FIG.{



Fig.2
20’ #
Run - ,
Reaction + adsorption
v
:
¢
o
®
R
S
§~ Run 2-adsorption
A
o° 6 l ] 1

]

Time (win)

FIG.2 OBSERVED TEMPERATURE INCREASES IN A
TYPICAL EXPERIMENT USING SC CORDITE

(9% CARBAMITE)




TR 144

| INSINOD H35118viS ONV
g 1V 103433 SunlviSoN31 SHL NO 310800 08 DNIZDV 30 103443 £ 013
" (8h0P) 2,08 40 DWI4 Dby
0s oF o oz o =
I D | | |
X
-8
a
=
R
= 3
]
6 &
Q
Q
-+
N
l
X !
o
DUMDGIC) %G 241MOG40) 99 DLIMDGA0D %L DYUMOGIOD %G DYWOGID) %G

,



09% Dipmng!amina O-51% DPA+N-NO-DPA  O'24% DPA+N-NO-DPA

080k | ©7% DPA+N-NO-DPA
:@Ooéo =
b
3 X
X
5l
g x
= \
p ¢
020 |- 1 1
(@) 10 20

Ageing time ot 80°C (doys)

FIG 4 EFFECT OF AGEING FNH PROPELLANT ON THE
TEMPERATURE EFFECT AT AND STABILISER CONTENT




AINSINOD Y3SI7IgviS ANV IV

(26) LY 92440 2unyouddwiny

3., 133543 3HNIVH3dWNSL 3HL NO LNV 113d0Ud Le€/[eS3 DNIZOV H0 1034393 SDi3
=10l (8hop) 208 0 Wiy buiDby
) se oz s ol = 0
| I I 1 |
VAION-2 VION-Z V4ON-Z YION-Z
ooNQfO Q\QQ.ﬂ QQM.O *Qﬂ.o VAON-2 .\Hm.o
%m.o
X
X
404
X
X
1014

Al



ANSINOD H3SITIGVYAS ONV 1V

=7

OP)2e08 40 D4
oz o]

) o

I

| | |

vIAN -d
%900

—

—0by
VAN-d  YAN-d yWN-J|
.\.Jo .\.Nw_ Q\Fﬂ
—0S4
X
—06'}
X

103443 3YNLIVHYSIWSL 3SHL NO mrﬂﬁ.jmuoua m@mmwmm.v ONIZOV =0 103443 994
s Ui
=

(D6) LV 492442 2unyoundWiny



TR 144

Fi9.7

INSINOD H3S11I18viS ONY 1V
113543 3HMLVH3dN3L 3HL NO 692zZ/88vd HNIZOV 30 103443 L DI
(8hop) 2608 40 W4 buizby

oe =1 (o] S (0
I T | |
X
—02'}
X X
Jo?_
X
—09-}
X
¢ $ { {
(OUIU0SDY % )0 (OUIRU0SDY 9,120 OUI2I0SDY %,G€:0 (OMBIOSDY %50

084

(%) LV 492350 2anqoindwidy



DOCUMENT CONTROL SHEET

(Notes on completion overleaf)
- o
Overall security classification of sheot UNCI'IASSIFIED. ..... Cetsesrtiecans §vomeneeina e e 8w e

(As far as possible this sheet should contain only unclassified information. If is is necessary to enter
classified information, the box concerned must be marked to indicate the classification e, (R),(C) or (S)).

L. DRIC Reference (if known)| 2. Originator's Reference| 3. Agency Reference 4. Report Security
Classification
ERDE TR 144 U
5. Originator's Code 6. Originator (Corporate Author) Name and Location
(if known) Explosives Research and Development Establishment
445050 Waltham Abbey
Essex England
5a.Sponsoring Agency's 6a.Sponsoring Agency (Contract Authority) Name and Location
Code (if known)

7. Title HEAT EVOLVED IN THE PROPELLANT/NITROGEN DIOXIDE REACTION AND ITS
VARIATION WITH TIME OF AGEING OF THE PROPELLANT: MEASUREMENT OF EFFECTIVE
STABILISER CONTENT OF PROPELLANTS

7a.Title in Foreign Language (in the case of translations)

7b.Presented at (for conference papers).Title, place and date of conference

8. Author 1,Surname, ipitials (9a Author 2 - | 9b Authors 3, 4... 10. Date pp ref
Davies D G 12.1973 21 15
11. Contract Number 12. Period 13. Project 14. Other References

15. Distribution statement

Descriptors (or keywords)

Propellants,Stabilisers (agents), Nitrogen dioxide

(TEST)

continue on separate piece of paper if necessary

Abstract The reaction between nitrogen dioxide and colloidal propellant stabilisers
is exothermic, and an apparatus based on the heat of the nitrogen dioxide-
propellant reaction is used in Holland for surveillance control of gun propellants|
A similar apparatus has been constructed and the heat of this reaction compared in
propellants stabilised with carbamite, diphenylamine, picrite, 2-NDPA, p=-NMA and
resorcinol. The observed heat from the nitrogen dioxide-aged propellant reaction,
and the actual stabiliser content of the samples, are compared as these propellantgs
are aged.




Q31JISSVION

*pade aJe squerradoad asayl se pesedwod auw ‘sardwes ayl jo UIUOD
JISITIqRIs TeNId¥ oyl pue ‘uoj1deau 2ueyradoad pede-splxolp ua3oJiju 8yl WOJJ
180y P3AJaSQO Y] °TOUAI0S3J pue VHN=d ‘VdaN-Z ‘@11J01d ‘sujuwerdusudip
9qIweqJed Y3IM pasiTiqeis squeradoad uj paJedmod uo0l1993Ja Syl JO 718 Iyl
pue Pe1ona1su0d uaeq sey snisgedde Jerjuis v *squsyradoad und Jo [OJIUOCD
SOUST[]9ANS JOJ PUBTIOH U] Pasn S| uojideas Jue[radosd-apixoip uadoalju
eyl JOo %3y ay3l uo paseq smiegedde uv pue °OJWIIYI0X’ S| SIASITIqEIS
quetredoad TePIOTT0° PuR IPIXOIP UaBOJI[U USSMIaQ UO]IIBAJ YL

s31J [ “sqeq % ‘dd g\
¢l6\ J3quadaq
9 q safasg
SINVTI3HOYd 40 INILNDD
YISITIEVIS FAIIOE44T 40 INTHINSVIH *INVTIZHOYd FHL 40 ONIZOV 40 JWIL RIIM
NOIIVIYVA SII ANV NOILOVER AIXOIA NIOOUIIN/INVTISOUd FHL NI JIA0AS IV3H
uamlS[1qeIs3 JuemioTaAsq pue yauawesay saajsordxi
M1 oN 2J0day TeIIUYII]
QILJISSYION

Q3IJISSVION

*pade a3 squsrredoad asayl su pauedwod age “saydues syl JO qUIIW0D
JeSIT1qe1s TeNn19% aya pus ‘uolideau ueyradoud Pads-apixolp uadoa2ju 2yl WOUY
199y PIAJISQO BY] °TOUTIIOsa pue ViN-d ‘VdaN-2 ‘211401d ‘suimeiduswdip
‘@q[w2qJed YIfM PasiT11q=1s sauerradoad uj pagedmod uo119BaJ Syl JO 18Iy Y3
pue PaqInJIsucd usaq sey smiesedds JerIwls y  *siueyredoud und jo [oxuod
JUBTII2ANS JOJ PURTIOH UJ Pasn S| Uo[198aJ juefadoxd-aprxoip wddoaitu
8yl Jo 783y 3yl uo paseq snissedds us pue ‘IJWIAYIOX3d S| SIISIT[IqRIS
quertadoad TBPIOTIOO PuB 8PIXO[P USB0J1JU UIBMIAG UOTIVEBIAI YL

s31) L ‘sqeq ) ‘dd g1
¢L6 1 JequadaqQ
9 q sejasg
SINVTIZd0 4 40 LNIINDD
YIBITIGVIS FAILOE443 JO INBIINSYIH  SINVTIHOUd SHL 40 ONIZOV 40 FWIL BLIM
NOILVINVA SLI ONV NOILOVEY SAIXOIG NIO0ULIIN/INVIIZIOBd ZHL NI G3AA3 IV3E
quewys | [qe1S3 wemdoTaA3] Pus ydJsasay saafsordx3
i) ON 330dey TROTUYISL
Q3IJISSVIONI

Q3TJISSYIOND

*page aJe sjuerredoad asayz se peyedmod aae ‘safdwes 8yl jo QU3IUOD
JASTTIQB1s TBN29% 8yl pue ‘uorioweu querradoxd pade-8pIxolp WRBOJITU YT WO
183y PeAJaSqO YL °TOoUFdJosaJ PuB VHN-d ‘VdAN-Z ‘821401d ‘aujmerduaudip
1jmeqJaed yijM pasyriqeas sausyradoad uj pageduod UOII98RJ SIUL JO 183IY AU
puUe Pe1onJISuod ulaq sey snmiesedde Jerjwys v *siueiladoad und Jo 10JIUOD
eouBT[}2AMS 10 PUSTIOH U] Pasn S| U0j319eaJ WB[[2doJd-ap[X0IP uadoalfu
ay1 Jo 183y 8yl uo paseq snieaedde ue pue “OJULIaYI0Xd S| SJISITIQRIS
querTedoad TBPIOTIO9 PUB IPIXOIP US30JIJU UBAMIAQ UO[IJEBRJ YL

s31) L “sqeq f ‘dd g|

€l61 Jquedeq

9 q sayaeg

SINVTI3dOYd 40 INZLNDD

YIASITIGVIS FATIOE4ST 4O INGHMNSYIH S INVTISAO:d 3ZHL 40 ONI3OV 40 JWIL HIIM
NOILVINVA SII GNY NOIJZOVIY 30IXOIA NIOOULIN/INVTIZONd FHL NI Q3AT0AT LV3H
JURES]1q21ST UWIOTaAa] PUB UIJResay SaATSOTdXI

171 oN 2J0dey TeoTuyda]

Q314ISSVION]

QITJISSVIOND

*pafe ags squerradoad asayl se paaedwod age “sefdwes 3yl jo JUIIVOD
JISTTIQEIS TeMoB 3yl pue ‘uof1deau quetradosd pase-apixoIp ua30J1fU Y1 WO
13y PaAJasqo 8yl °TOUTOJ0S3aJ pue VN=d ‘vdaN-2 ¢911J91d ‘suruerlueudip
‘3q]meqIed YajM PasyTiqeis sjuerradoad up pagedwod uc(ldeAS STYI JO B3] I
pue P91onI1SuU0d uedq swy sniegedde JeTjWIS ¥ ssqueradoad un3 jo [OJIUOD
oUPTTI2AMMS JOJ PUETIOH U] Pasn S} UOIITB3J aueiradoad-apixop ualdoJju
8yl JO 189y 3yl U0 paseq snieJedde us pue ‘OJWIAYI0XI S| SIISITIQRIS
querradoad TePIOITOd pue aPIXOIP UIBOJIJU UIBMIIQ UOTI0B3J Byl

s31J L ‘sqea f *dd g

¢€l61 Jequadag

9 g s9tARg

SINVTIZdO0Nd O INZLNDD

HIBINIIVIS FAILOEAIT JO INTEWISYA S INVTIHOYd FHL 40 ONIFDV 40 JIL BLIM
NOILYIUVA SII OGNV NOIJOVIM FAIXOId NIOOUIIN/INVTIAdOHd 3HL NI J3ATOAI IVIH
queumisS | [qe15 3 USWIOT3A] PUB YIJBISIY saaysordx3

17171 ON 2J0d3y TeTUWRR]

Q314 ISSVIONN




e

[dStl] 7ot o o

AT AN

Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944

Fort Belvoir, VA 22060-6218

US.A.

AD#. ADB003438
Date of Search: 8 December 2008

Record Summary: AVIA 37/1348

Title: Heat evolved in the propellant/nitrogen dioxide reaction and its variation with time of

ageing of the propellant; measurement of effective stabiliser

Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years

Former reference (Department) ERDE 144/TR/73
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



